The accurate identification of sex in birds is important for research on avian sex determination and differentiation. Polymerase chain reaction (PCR)-based methods have been widely applied for the molecular sexing of birds. However, these methods have used genomic DNA. Here, we present the first sexing protocol for chick mRNA based on real-time quantitative PCR. We demonstrate that this method can accurately determine sex using mRNA from chick gonads and other tissues, such as heart, liver, spleen, lung, and muscle. The strategy of this protocol also may be suitable for other species in which sex is determined by the inheritance of sex chromosomes (ZZ male and ZW female).
INTRODUCTION
The ability to accurately identify the sex of the early chick embryo is crucial to research on the molecular mechanisms of sex determination and differentiation (Mizuno et al., 2002) . Distinguishing sex is a simple task in sexually mature chickens using morphologic traits; however, the identification of sex by morphological examination is difficult in embryos at earlier stages.
To solve this problem, molecular techniques for chick embryos sexing have been reported (Clinton, 1994; Clinton et al., 2001) . To date, specific protocols have been developed to provide a DNA test for the sex typing of non-ratites and ratites (Griffiths et al., 1998; Huynen et al., 2002) . PCR-based methods have been developed based on variations in the sex chromosomes, with females being heterogametic ZW and males homogametic ZZ (Dubiec and Zagalska-Neubauer, 2006) . For these strategies, the most commonly used primers are those derived from the chromodomain helicase DNA-binding (CHD) gene sequence (Griffiths, Double, Orr and Dawson, 1998; Fridolfsson and Ellegren, 1999) . Several alternative PCR-based methods have been developed for bird sexing, such as single-strand conformation polymorphism (SSCP), random amplified polymorphic DNA (RAPD), real-time quantitative PCR (qRT-PCR), and high-resolution melting (HRM) analyses (Morinha et al., 2012) .
However, these methods use genomic DNA. To date, there is no report of sex identification using mRNA in birds. Here, we present the first sexing protocol for chick mRNA based on qRT-PCR. We demonstrate that this method can accurately determine sex using the mRNA from chick gonads and other tissues, such as heart, liver, spleen, lung, and muscle.
MATERIALS AND METHODS

Experimental Animals and Animal Care
Fertilized White Leghorn chicken eggs (Gallus gallus) were purchased from the Experimental Station of China Agricultural University (Beijing, China) and incubated blunt end up at 37.5
• C under a relative humidity of 55 to 65% with 90
• tilting once every h (P-008B Biotype, Showa Furanki, Saitama, Japan). Animal welfare and experimental procedures adhered to the Institutional Guidelines of the Care and Use of Laboratory Animals at China Agricultural University (Beijing, China).
Sample Collection
For embryonic gonads on embryonic d 6 (E6) and E12, blood samples from each embryo were first collected and sexed by PCR, as previously described (Clinton, Haines, Belloir and McBride, 2001) . In brief, PCR reactions were performed using Xhol repeat sequence or 18S ribosomal gene primers on blood DNA. The set of primers for Xhol included the forward primer CCCAAATATAACACGCTTCACT and the reverse primer GAAATGAATTATTTTCTGGCGAC. The 18S ribosomal gene was used as an internal control: sense primer, AGCTCTTTCTCGATTCCGTG; antisense primer, GGGTAGACACAAGCTGAGCC.
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Gonads were then pooled according to sex. Pools of combined male and female samples were then processed for RNA extraction. We also collected testes, ovaries, and other tissues on post-hatching day 1 (1 d).
Total RNA Extraction and Reverse Transcription
Total RNA was extracted from the above samples using a total RNA extraction kit (Tiangen, Beijing, China) or an RNeasy Plus Mini kit (Qiagen, Valencia, CA) according to the manufacturer's protocol. All traces of DNA in the samples were removed using RQ1 RNase-Free DNase (Promega, Madison, WI) according to the manufacturer's protocol prior to reverse transcription. Approximately one μg of oligo(dT)15-primed total RNA samples was reverse transcribed using the Reverse Transcription System (Promega, Madison, WI) following the manufacturer's instructions.
qRT-PCR-based Sexing
The following primers were designed to amplify the chicken CHD-Z (AF004397) specific sequence: sense primer AGTCAGGCAGTCAATCC-GAA and antisense primer CCACTGTCTGATGAT-GCTGC; chicken CHD-ZW-common sequence: sense primer TCAAACTTGGGCTCCTCAGA and antisense primer GCCCAATTGAGACCACCAAG; and chicken GAPDH gene as an internal control: sense primer TGC-CATCACAGCCACACAGAAG and antisense primer ACTTTCCCCACAGCCTTAGCAG.
qRT-PCR analysis was performed using the LightCycler 480 system and the LightCycler 480 SYBR Green I Master kit (Roche, Mannheim, Germany) according to the manufacturer's instructions. The thermal cycling parameters were as follows: 95
• C for 10 min and 40 cycles of 95
• C for 15 s and 60
• C for one min, followed by one cycle of 95
• C for 15 s, 60
• C for 15 s, and 95
• C for 15 seconds. The specificity of PCR amplification for each primer pair was tested by analyzing the melting curve. All of the samples were analyzed in triplicate on the same plate. Three independent experiments were performed and their results plotted as average ± standard deviation of the mean (SD). The relative quantification of CHD-Z specific sequence or CHD-ZW-common sequence expression was normalized to the threshold cycle (Ct) of the GAPDH gene. In theory, the expression level ratio of the CHD-ZW-common sequence and the CHD-Z specific sequence (CHD-ZW/CHD-Z) is 1 in males (ZZ) and 2 in females (ZW).
RESULTS
To determine the sex using chicken mRNA from the testis and ovary on 1 d, qRT-PCR analysis was performed using specific primer sets for the CHD-Z specific sequence and the CHD-ZW-common sequence. Specifically, the CHD-ZW/CHD-Z was 1.06 ± 0.09 in the left testis, 1.10 ± 0.07 in the right testis, 2.07 ± 0.08 in the left ovary, and 1.94 ± 0.08 in the right ovary (Figure 1) , consistent with the expected values.
For gonads on E6 and 12, blood samples from embryos were first sexed by PCR (Figure 2) . The band at 256 bp confirmed the presence of amplifiable DNA, while the band at 415 bp identified the embryo as female. The gonads were pooled according to sex and then detected by qRT-PCR. The CHD-ZW/CHD-Z in males was as follows: 1.01 ± 0.12 and 0.97 ± 0.06 in the left and right gonads from E6, 0.99 ± 0.04 and 0.96 ± 0.03 in the left and right gonads from E12. The CHD-ZW/CHD-Z in females was as follows: 1.97 ± 0.11 and 1.91 ± 0.05 in the left and right gonads from E6, 2.00 ± 0.08 and 2.01 ± 0.04 in the left and right gonads from E12 (Figure 1 ). In addition, the CHD-ZW/CHD-Z was symmetric in both sexes (Figure 1 ). For each sample, the qRT-PCR results agreed with those obtained by morphological examination or PCR analysis.
Some mRNA from other tissue samples on 1 d was also sexed by qRT-PCR. In males, the CHD-ZW/CHD-Z was 1.04 ± 0.07 in heart, 1.01 ± 0.09 in liver, 1.04 ± 0.06 in spleen, 1.00 ± 0.05 in lung, and 1.02 ± 0.04 in muscle (Figure 3) . In females, the CHD-ZW/CHD-Z was 2.06 ± 0.13 in heart, 1.97 ± 0.05 in liver, 1.97 ± 0.11 in spleen, 2.04 ± 0.03 in lung, and 2.02 ± 0.09 in muscle (Figure 3) . These results agree with the expected values.
DISCUSSION
The PCR-based methods for gender identification in birds have clearly improved in the past 2 decades. CHD, the first gene on the avian W chromosome, provides a valid tag for sex differentiation in most non-ratite bird species (Ellegren, 1996) . The avian CHD gene exists in 2 genomic copies: CHD-W and CHD-Z, located respectively on the W and Z chromosomes (Griffiths and Korn, 1997) . CHD has slight differences in size and nucleotide sequence between the homologous regions of the CHD-Z and CHD-W genes. CHD-linked primers in previous sexing protocols were designed to screen for intron variations using genomic DNA and, therefore, did not employ use of mRNA.
Although CHD-Z (AF004397) and CHD-W (AF181826.1) are highly conserved in coding sequence (Fridolfsson and Ellegren, 2000) , we identified the CHD-Z specific sequences by comparing the mRNA sequences of the CHD-Z and CHD-W genes. Then, based on the differences in the coding regions, primers were designed to amplify the chicken CHD-Z specific sequence and CHD-ZW-common sequence. In theory, the CHD-ZW/CHD-Z is 1:1 in males (ZZ) and 2:1 in females (ZW).
The determination of sex in birds is important for research on genetics, evolution, and especially on sex determination and differentiation as well as embryology and transgenesis in poultry. Therefore, mRNA from the gonads was first detected using our protocol. The CHD-ZW/CHD-Z of the testis and ovary on 1 d was consistent with the expected value. For studies that require separated male and/or female tissues at earlier stages, individual embryos must be sexed by molecular means. The gonads were then pooled according to sex and used for further study. The gonads on E6 and 12 showed that the method is also appropriate for pooled samples. Finally, the mRNA of other tissues, such as heart, liver, spleen, lung, and muscle, was also sexed by qRT-PCR.
In practice, this protocol will be useful under some circumstances in which the DNA-based assays are unsuitable for the test. For example, determine the sex of an mRNA or cDNA sample from chicken. In addition, for a minute tissue sample, the advantage of using the method is that DNA extraction is not required to determine sex, so the tissue sample can be wholly used for further gene expression analysis. This means it allows sex identification and, at the same time, permits the study of the molecular mechanisms involved.
In conclusion, we describe a robust sexing protocol using chicken mRNA. The strategy of this protocol also may be suitable for the other species in which sex is determined by the inheritance of sex chromosomes (ZZ male and ZW female).
